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ABSTRACT 
During t h i s  r e p o r t  per iod ,  a decision was made to defer the construc- 
tion of the 50 HT Si /yea r  Experimenral. Process System Development Unit (EPSDU) 
u n t i l  FY 1980, and in the meanrime 50 cars t ruc t  and e v a l u a t e ,  a t  ful.1 scale, 
four critical u n i t s  of the EPSDU, Tha f l u i d i z e d  bed,  z i n c  vaporizr.  k:r- 
product: condenser,  and e l e c t r o l y t i c  cell have been combined w i t h  r i . r y  
u n i t s ,  capable  of support ing 8-hour batchwise ope ra t ion ,  to form t h e  x e s s  
Development Unit (PDU), whlch is scheduled to be i n  o p e r a t i o n  by Ocruber 1, 
1979. The design of the PDU and o b j e c t i v e s  of iLs ope ra t ion  a r e  discussed 
in t h i s  report. 
Pending completion of the  PDU, work has continued in the area of 
experimental  support .  A wetted-wall  condenser has  been constructed i n  which 
z inc  c h l o r i d e ,  introduces in excess of t h a t  condensed, i s  used to wash down 
the unreacted zinc and residual silicon accumulated as fine-particle s o l i d s .  
This condensez, fed with the by-product of the miniplant reactor (%1/10 PDU 
rate), is scheduled for operation in early April to evaluate the wetted-wall 
condenser principle for this unique by-product mixture. 
Improvements in the experimental electrolytic cell have led to power 
efficiencies around 40 percent, thus substantiating the pertinence of the 
Bureau of Mines experience with pure zinc chloride as a basis  for what can be 
expected with the zinc chloride/zinc/silicon slurry of the present application, 
As contrasted with earlier observations of segregation of larger 
p a r t i c l e s  i n  1 fluidS2ed-bed reactor with a flat-plate distributor, no segre- 
ga t ion  has been observed in the PDU/EPSDU model of the round-bottom-conic- 
section design, Such segregation would have been a convenient (but not 
necassary) basis for preventing the growth of such particles to the point 
of plugging the product withdrawal tube. 
Data on the relative volatility of impurities from liquid zinc 
remain inconsistent and it has been decided to defer such experiments until 
the zinc vaporizer of the PDU is available for tests more representative of 
the PDU/EPSDU condi t ions .  
B A T T E L L E  - C D L U M E U S  
INTRODUCTION 
Th i s  Fourteenth Quar t e r ly  Report is t h e  t h i r d  of t h e  P h a s e  111 effort 
a t  B a t t e l l e ' s  Columbus Labora to r i e s  (BCL) f o r  DOE/JPL on t h e  Evalua t ion  of 
Se lec ted  Processes  f o r  t h e  Product ion of Low-Cost S i l i c o n .  P:i~~se 111 has 
as i t s  u l t i m a t e  ob jec t ive  t h e  c o n s t r u c t i o n  and ope ra t ion  o f  a 50 MT S i /yea r  
Experimental Process  System Development Unit (EPSDU) f o r  the  product ion  of 
granular  semiconductor-gra,de s i l i c o n  by t h e  z inc  vapor r educ t ion  of s i l i c o n  
t e t r a c h l o r i d e  i n  a f l u i d i z e d  bed of seed p a r t i c l e s .  
During t h i s  r e p o r t  pe r iod ,  t h e  d e c i s i o n  w a s  made t o  defer t h e  con- 
s t r u c t i o n  of  t h e  EPSDU u n t i l  FY 1980 and i n  the  meantime t o  t e s t  t h e  ope ra t ion  
of s e v e r a l  c r i t i c a l  u n i t s  of t h e  EPSDU. These u n i t s  are t h e  ' f luidized-bed 
r e a c t o r ,  t h e  r e a c t o r  by-product condenser,  the z inc  v a p o r i z e r ,  and t h e  e l e c t r o -  
l y t i c  c e l l ,  The combination of t hese  u n i t s  and the  a u x i l i a r y  equipment t o  
permit t h e i r  opera t ion  is t o  be  known as t h e  Process  Developmeqt Unit  (PDU). 
The c r i t i c a l  u n i t s  of t h e  PDU are t o  b e  of t h e  full-scale EPSDU des ign  so t h a t  
t h e i r  o p e r a b i l i t y  can be eva lua t ed  and a p p r o p r i a t e  changes made, i f  necessary ,  
p r i o r  t o  committing them t o  ope ra t ion  i n  t h e  EPSDU. It: i s  beli.eved t h a t  i n  
t h i s  way,  cons iderable  t ime can be saved i n  t h e  i n i t i z . 1  ope ra t ion  of  the  EPSDU 
t h a t  might normally be  taken i n  des ign  modi f ica t ion  a c t i v i t i e s .  
During t h e  PDU program, i t  i s  planned t h a t  t h e  cornpilacion af b i d s  
on the EPSDU equipment and fns ta , l la t ion  w i l l  be  cont inued and updated i n  o rde r  
t h a t  such information may be  r e a d i l y  a v a i l a b l e  when needed. A t  t h e  same time, 
the  experimental  support  program w i l l  be  cont inued t o  provide informat ion  of 
value  t o  the program t h a t  can b e  obta ined  i n  equipment of sma l l e r  s i z e  than 
t h a t  used i n  t h e  EPSDU o r  PDU. 
The var ious  a s p e c t s  of t he  program w i l l  be d iscussed  i n  t u r n .  
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E A T T E L L E  - C O L U M B U S  
EPSDU-RELATED ACTIVITIES 
During this repor t  per iod ,  work was cont inued on assembling t he  
cost  quo ta t ions  on t h e  various Stems of equipment i n  the EPSDU des ign .  In  
several cases, modif ica t ions  of t h e  design were made upon ehe adv ice  of 
vendors t o  accomodate  t h e  fabrication procecs o r  r h c  availabilfEy of 
materials, 
Other modi f ica t ions  i n  equipment design and anticipated ope ra t ing  
procedures,  mast of t h e s e  minor, have been made as the r e s u l t  of s e v e r a l  
meetings of a review committee convened by BCL management t o  iake sure t h a t  
no s i g n i f i c a n t  f a c t o r s  have been overlooked in t h e  des ign  of t h e  EPSDU. A 
major emphasis i n  t h a t  e f f o r t  w:aa on safety and environmental concerns.  
The present  s t a t u s  of this e f f o r t  may b e  summarized as follows. 
Quotations have been rece ived  on a l l  equipment, and b i d s  f o r  cons t ruc t ion  and 
i n s t a l l a t i o n  have been obtained. The prel iminary e s t i m a t e  based on t h i s  
information indicated that the o r i g i n a l  estimate of $1.6 million was n o t  
grossly in errcr; I n  fact, t he  construc~ion/installation c o s t s  were b i d  at 
slightly l ess  chan t h a t  originally estimated. This effort has been de fe r r ed  
(1) in order  to meet: the PDU schedule  and (2) to  provide informat ion  which 
r e f l e c t s  costs  l a t e r  i n  CY 1979 -- t h e  rime of planned s t a r t -up  of EPSDU 
effort. Thi s  i s  e s p e c i a l l y  important i n  view of the c u r r e n t  re la t ive ly  h igh  
i n f l a t i o n  rate ,  Plans are t o  con tac t  vendors for r ev i sed  c o s t  estimates i n  
J u l y  o r  August, 1979, w i th  the intent of  supplying J P L  with a c o s t  update f o r  
purchase and cons t ruc t ion  of t h e  EPSDU by October 1, 1979. 
PDU ACTIVITIES 
A s  noted above, a combination o f  c r i t i c a l  u n i r s  from t he  EPSDU i s  
to b e  constructed and opera ted  i n  such n way as t o  v a l i d a t e  the o p e r a b i l i t y  
of these u n i t s  o r  to crbtain informat ion  lending  to f avo rab le  modi f ica t ion  of 
t h e i r  design.  This  equipment, known as t h e  Process Development UnLt (PDU),  
i nc ludes  7-inch-diameter f l u i d i z e d  bed of 25 b i ~ / y e a r  capac i ty* ,  a r e a c t o r  
by-product condenser of t h e  same capac i ty ,  and a 6,000-anp electrolytic c e l l  
for recovery of  zinc and c h l o r i n e  values from the by-product z i n c  ch lo r ide ,  
The e l e c t r o l y t i c  c e l l  i s  one of s i x  i n  t h e  EPSDU des ign ,  and hence w i l l  have 
t o  be opera ted  for 24 hours t o  accommodate t h e  z inc  c h l o r i d e  produced i n  t h e  
8 hours of f luidized-bed o p e r a t i o n ,  A s u i t a b l e  l ~ o l d i n g  tank w i l l  b e  provided 
t o  accommodate the by-product. Thus, i t  s h o u l d  b e  p o s s i b l e  t o  o p e r a t e  the  
e l e c t r o l y t i c  c e l l  and f i u l d i z e d  bed independently.  The o t h e r  c r i t i c a l  uzir  
of the  EPSDU is t h e  z inc  vaporizer, unique i n  t h a t  h y s t e r e s i s  i n  t h e  z i n c  
vapor gene ra t ion  ra te  is  avoided by d i r e c t  i nduc t ive  coupl ing  to  t h e  z i n c  i n  
a vapor izer  of minimum thermal  capac i ty .  
F igu re  1 is  a schematic  diagram of t h e  PDU, showing the c r i t i c a l  
units mentioned above and t h e  a u x i l i a r y  equipment. Derails of the  design of 
t h e  r e a c t o r ,  z inc  vapor i ze r ,  and e l e c t r o l y t i c  c e l l  wi th  minor r e v i s i o n s  t o  
accommadate scheduling are shown i n  Figures 2 2 ,  23, and 25 of the  F i n a l  Report 
on the  Phase I and Phase I1 work.** The condenser des ign  s h o ~ n  i n  F igure  24 
of t h a t  same r e p o r t  has been r ~ v i s e d  s i g n i f i c a n t l y  t o  s i m p l i f y  i t s  conseruc- 
t i o n ,  b u t  t h e  gene ra l  s i z e  and p r i n c i p l e  of ope ra t ion  i s  unchanged. 
The fo l lowing  mod i f i ca t ions  of t h e  r epo r t ed  designs are planned for 
use i n  the  PDU: 
(1) Reactor  
(a) Graphite  Liner  will be used in s t ead  of S I C  o r  
Sic-coated graphite, t o  accommodate a design 
* One of the t w o  25 MT/year reactors in the 50 flT/year EPSDU. 
** DOE/JPL 954339-78/11, J u l y  9 ,  1978. 
nu = 
r'I - 
Lt = 
P I  * 
PIC - 
I'HV - 
PC = 
1.e 
TI = ~ r ' r a p c r a t t ~ t ~  Indicator 
2 l = c l~ t . ck  valve 
FIGURE I. PROCESS FLOW SHEET FOR PUU 
FIGURE 1 MDENDUit 
NOMINAL PROCESS STREAM CB3IPOSITZON AND RATES 
@ Argon, cumulative 
@ c12(g), 1.5 l b h r  (average of intermittent use") 
@ SiCl* (g) , 80.0 l b i h r  Q SiCl, ( a ) ,  80.0 lblhr 
ZnC12 (k) , (80.9-x) lb/hr** Zn(s ) ,  22.8 lb/hr 
ZnC12 (s) , x lb /hr S i ( s 1 ,  0.16 l b / h r  
SiCl t ,  (g) , 29.6 lb/hr Ar(g),  10.9 scfh 
Z n C 1 2 ( Z > ,  2 . 4  gsljmin 
@ SicLl ,  (p) . 29.6 i b l h r  !.r(lg): 10,9 scfh 
s~cL+($), 1.4 i h / t r  (:verage of intermittent use) 
c12 (g) , 0,3 l b / A r  (average of inrermi t ten t use) 
@ Clz { I ) ,  41.3 i b / h r  (average of intermittent use) 
SiC14(g), 1.0 l b / h r  (average o f  Intermittent use) 
@ SiC14 (g),  32.0 l b / h r  (average of intermittent use) 
C 1 2  (g) , 41.6 l b / h r  (average of intermittent use) 
Ar(g), 10.9 scfh 
@ Zn{l}, 61.6 lblhr 
Q znc12 ( a ) ,  80.9 lb/hr 
Zn(s), 22.8 lb/hr 
S i ( s ) ,  0.16 l b / h r  
@ @ Therrntnol coolant, rate to be determined 
@ Silicon product, 7.9 l b / h r  + seed content 
* Averaged over time of operation of fluidized bed; actual rate - 
K x recorded rate, where 
operating time of fluiduzed bed 
operating time of chlorination o r  electrolysis 
*" x = small amount (e.g., <L percent )  o f  uncondensed Z n C h .  
c l a r i f i c a t i o n ,  drawing approval ,  and purchase 
and cons t ruc t ion  schedule  of 6 months 
(b) Seed hopper will be  omi t ted ,  a s  no seed w i l l  
b e  in t roduced  during t he  8-hour run period 
(2)  Condenser, etc .  
(a) Therminol coolant will be c i r c u l a t e d  i n  a  
tube  on t h e  outer shell and i n  an  axially 
oriented h e l l  t o  improve operation and ease 
of construction 
(b) A convent iona l  grade of graphite (e. g.,  CS 
of UCC) will be used instead of  a special 
impervious grade, t o  accomoda te  scheduling 
and t o  establish p o s s i b l e  suitabflity 
(3)  Zinc Vaporizer 
(a) Outside diameter has been reduced t o  ~8 inches 
t o  get induction coupling r equ i r ed  
( b )  I n s u l a t i o n  has been changed from Min-K t o  
Kaowool f o r  sche u l i n g  and economic 
cons ide ra t ions  
(4) E l e c t r o l y t i c  C e l l  
( a )  Electrode design has been modified t o  11-degree 
s l o p i n g  faces to improve power e f f i c i ency  
based on r e s u l t s  02 suppo r t  s t u d i e s ,  
The PDU provides  f o r  8-hour operation r e q u i r i n g  640 pounds of S iCI I ,  
and 4 9 3  pounds of z inc ,  du r ing  which t i m e  &bout: 60 pounds of  s i l i c o n  would be  
produced. A s  t h i s  represents about 0.6 cubic  f e e t  of bulk volume o r  2 . 2  fee t  
of bed h e i g h t  in t h e  f lu id ized-bed  r e a c t o r ,  product w i l l  be  withdrawn during 
"1e run. However, as i t  w i l l  no t  be necessary t o  provide for seed rep len ish-  
ment during the run,  that p a r t  of t he  EPSDU r e a c t o r  design will not be  
reproduced. 
Since t he  major object ive  of t h e  PDU program i s  t o  ver i fy  t h e  
o p e r a b i l i t y  of  the c r i t i c a l  u n i t s  w i t h  whatever des ign  changes may be necessar? 
the  need f o r  high-puri ty  rearrants  and the large amount of related pur i f i ca t io r ,  
presen t  i n  the  EPSDU design is  obviated.  Further, the amount of by-product 
created i n  the a n t i c i p a t e d  PDU campaign is  no t  s u f f i c i e n t l y  l a r g e  t o  j u s t i f y  
the waste disposal  equipment conten~plzited f o r  the  EPSDU, 
Chlor ine  and c h l o r i d e  dispoual w i l l  be handled simply by d i scha rg ing  
these by-products i n t o  a calcium hydroxide s l u r r y ,  On the  basis of past 
exi-er lence w i t h  systems of t h i s  s o r t ,  i t  is rstimated t h a t  one 55-gallon drum 
containing %210 pounds of s l u r r i e d  C a ( D H ) 2  would be r equ i r ed ,  The calcium 
hypoch lo r i t e  p l u s  hydrated s i l i c o n  oxide s l u r r y  so generated w i l l  be allowed 
t o  s e t t l e .  The l i q u i d  w i l l  t hen  be  f lushed  down the drain with excess water 
and t h e  solid will be loaded i n t o  drums and dj.sposed of as s o l i d  waste.  
The z i n c  produced by the e l e c t r o l y s i s  of t h e  zinc c h l o r i d e  w i l l  b e  
cast i n t o  p i g s  for poss ib l e  reuse o r  r e t u r n  f o r  c r e d i t ,  
In a l l ,  the  equipment of t h e  PDU is reduced to the m i r l i m u m  r equ i r ed  
t o  support ~ n e  four  critical u n i t s ,  s o  t h a t  t h e  emphasis can be placed on 
their opera t ion .  
Readers of  t h i s  r e p o r t  who are fami l ia r  with the process w i l l  have 
no d i f f i c u l t y  i d e n t i f y i n g  the  va r ious  pieces of equipment i n  Figure  1 and w i l l  
r e a d i l y  a p p r e c i a t e  t h e i r  function.  Thus, no d e t a i l e d  d e s c r i p t i o n  of t he  PDU 
is  undertaken here; however, it would b e  a p p r o p r i a t e  t o  p o i n t  ou t  t h a t  the  
c h l o r i n e  supply  ( tank)  depic ted  a t  the lower left of Figure 1 is f o r  t h e  pur- 
pose of chlorinating accuxunularions of s i l i c o n  from t h e  r5actor w a l l  when 
needed, e i t h e r  (1) to  alleviate undue c o n s t r i c t i o n  o r  (2) t c r  remove t h e  silicon 
p r i o r  t o  r e a c t o r  cod-dorm so  as t o  a v o i d  cracking of  t h e  reactor l i n e r  due t o  
d i f f e r e n t i a l  thermal expansion. 
The Therminol system shown a t  the upper l e f t  of Figure 1 i s  used 
(1) t o  bring t h e  condenser t o  o p e r a t i n g  temperature p r i o r  t o  making a run 
(hea t  suppl ied  by burners  t o  heat-exchange coil) and (2) to d i s s i p a t e  t h e  
heat of condensat ion during a run. With t h e  r e a c t o r  by-products cooled t o  
325 C' t o  minimize carry-over of z inc  c h l o r i d e  vapor, about 20 kw o f  heat 
w i l l  have t o  be  d i s s i p a t e d  from the condenser.  Tank n i t r o g e n  is provided to  
p r e s s u r i z e  and purge t h e  Therminol system, whi l e  l i q u i d  argon provides  t h e  
" Melting point of ZnC12 = 318 C. 
souibce of  purge and b r e a t h i n g  gas f o r  those  s e c t i o n s  w f  t h e  PDU con ta in ing  
ha l ides .  
Present  p l ans  c a l l  f o r  having t h e  PDU cons t ruc ted  by September 30, 
1979,  and ope ra t ing  d u r i n g  t h e  4-month per iod  October 1, 1979,  through 
January 31, 1980, a t  which t ime i t  is  planned that t h e  cons t ruc t ion  phase 
of the EPSDU would be i n i t i a t e d .  
It: i s  a n t i c i p a t e d  t h a t  ope ra t ion  of the  PDU w i l l  answer t h e  fo l lowing  
ques t ions .  
(I) W i l l  t h e  S iClb(g)  p rehea te r  (lower s e c t i o n  of the 
Eluidized-bed r e a c t o r )  perform as designed? What 
is t h e  available margin? 
(2) Can adequa te  c o n t r o l  of the vapor i za t ion  rate of 
zinc be exercised via i nduc t ion  h e a t e r  power c o n t r o l ?  
Can the z inc  inventory in the  vapor i ze r  be monitored 
by i t s  i n d u c t i v e  characteristics? Can z i n c  vapor 
fe *:r, free of  z inc  m i s t  be  generated? J 
(3) Are the f l u i d i z a t i o n  c h a r a c t e r i s t i c s ,  shown t o  be 
satisfactory i n  t h e  min ip l an t  and i n  room-~emperature 
modelling experiments,  reproduced i n  t h e  PDU r e a c t o r ?  
( 4 )  Can the prope r  gas purge and s i l i c o n  g ranu le  flow 
balance be  maintained in the  product withdrawal tube 
so as t o  p reven t  condensation of z i -  c i n  t h e  with- 
drawal tube?  
(5) Can the  condensed by-product s l u r r y  con ta in ing  an 
es t imated  9 v / o  of finely div ided  Zn(s) and S i ( s )  
(0.2 v /o)  be r e c i r c u l a t e d  i n  the  conrienser s o  as 
to  provide the wetted-wall a c t i o n  required f o r  
* It is contemplated t h a t  t hese  ques t ions  w i l l  be answered i n  separate 
experiments with the  PDU z inc  vapor i ze r  before connect ing i t  wi th  t h e  
f luidized-bed reactor. 
** IE is  e s s e n t i a l  that the amount of z inc  m i s t  entering t h e  reactor be 
minimized, as it is known to l e a d  t o  the formation of £ h e  s i l i c o n  
needles .  
ope ra t ion  of t h e  condenser as designed?* Can 
undes i rab le  s eg rega t ion  o f  t he  f i n e l y  d i v i d e d  
Zn(s) and S i ( s )  be avoided before t h e  350 C 
s l u r r y  reaches the  e l e c t r o l y t i c  c a l l  a t  500 C 
(above the me l t i ng  po in t  o f  z i n c ,  420 C)? 
( 6 )  Can acceptab le  c u r r e n t  and power eEf i c i enc i e s  
be maintained i n  t h e  e l e c t r o l y t i c  c e l l  d e s p i t e  
t h e  p o t e n t i a l  r e s t r i c t i o n  of e l e c t r o l y t e  flow 
resulting from increo: ing  the anode area by 
2.5 t i m e s  t h a t  c u r r e n t l y  used a t  che Bureau of 
Mines, Reno S t a t i o n ?  (Although t h e  anode area 
is  increased  by 2.5 times, t h e  length  of  t h e  
channel through which the e l e c t r o l y t e  c i r c u l a t e s  
is  increased  by a f ac to r  of o n l y  1 .4 , )  
(7)  Are the amoun t s  of s i l i c o n  w a l l  d e p o s i t ,  gas- 
phase-nucleated s i l i c o n  and en t r a ined  z i n c  
c h l o r i d e  wi th in  t h e  r u l a g e a b l e  l i m i t s  p r e d i c t e d  
from minip lan t  exper ience?  
(8) Are t h e  i..vorably high  r e a c t i o n  efficiency (,t6O 
percent )  and s i l i c o n  product ion  rate (a30 l b / h r  
f t 2 )  maintained i n  t he  larger r e a c t o r ?  
(9) \ h a t  r a t e  of c h l o r i n a t i o n  of the  s i l i c o n  wall 
depos i t  can be  maintained a t  reasonable  c h l o r i n e  
u t i l i z a t i o n  e f f i c i e n c y ?  Does the t i m e  r equ i r ed  
f o r  c h l o r i n a t i o n  Eft i n t o  a reasonable  turn- 
around cyc le?  
(10) Can t he  nega t ive  temperature g rad ien t  toward 
t h e  top of the f luidized-bed reactor be maintained 
in t h e  larger u n i t  s o  that appreciably increased 
* Prel iminary information on this p o i n t  s l ~ o u l d  be Portl~coming from wetted- 
wall c o n d e n s e r  experiments be ing  ca r r i ed  ou t  i n  conjunct ion  with the 
m i n f n l a n t ,  b u t  wi th  s l u r r y  concen t r a t ion  ranging only up t o  $2 v/o a t  the  
end of 10 runs ( see  page 1 3 ) .  
reaction ef f i c iency  can be gained as was observed 
i n  t h e  miniplant? 
(11) Are the re  unforeseen problems with the critical 
equipment items or v i t h  other parts 0 -  the PDU 
whose early solution w i l l  benefit: t h e  EPSDU 
program? 
EXiJERfMENTAL SUPPORT PROGRAM 
During t h e  period covered by t h i s  r e p o r t ,  a wetted-wall  condenser 
experiment was readied  i n  con-junction with t h e  minip lan t  used i n  previous 
s t u d i e s .  I n  a d d i t i o n ,  exper imenta l  support  work was continued i n  the a r e a s  
of  f lu id ized-bed  modelling, zinc c h l o r i d e  e l e c t r o l y s i s ,  and vapor i za t ion  of 
zinc, These s u b j e c t s  w i l l  be d iscussed  i n  t u rn .  
Wetted-Wall Condenser 
Although werted-wall columns a r e  used f o r  condensat ion and absorption 
i n  indus t ry ,  none is  known t o  o p e r a t e  under t h e  requirements  of  EPSDU, and t h e  
chances of f i n d i n g  use fu l  in format ion  t h a t  i s  d i r e c t l y  pertinent are regarded 
as s l i m .  Accordingly, an experiment: was devised i n  which t h e  product: o f  t h e  
minip lan t  (which should be  r e p r e s e n t a t i v e  of t h a t  expected from t h e  EPSDU) 
is  t o  be fed  i n t o  a wetted-wall condenser,  pa t t e rned  i n  p r i n c i p l e  a f t e r  t h a t  
of the  EPSDUfPDU design but of s m a l l e r  s i z e .  
I n  the EPSDU r e a c t o r  condenser,  condensat ion occurs  i n  t h ree  p a r a l l e l  
1.5-inch-diameter channels,  each of 240-inch length .  The by-product gases  from 
the r e a c t o r  e n t e r  the  channels a t  927 C a t  a l i n e a r  flow r a t e  of  8.2 f p s .  I n  
the minip lan t  wetted-wall  condenser,  a s i n g l e  1-inch-ID tube  i s  provided w i t h  
a 6-foot length.  
I n  sealink t he  EPSDU condenser to  the  minip lan t  size, one must con- 
s i d e r  gas flow v e l o c i t y  i n  t h e  tubes ,  Reynolds number, h e a t  t r a n s f e r  a r e a ,  
and flow of  ZnC12 per  u n i t  surface a r e a ,  as w e l l  as t o t a l  tube perimeter .  
S ince  i t  is  obvious ly  i m p r a c t i c a l  t o  p ropor t iona l ly  s c a l e  a l l  of t hese  f a c t o r s ,  
i t  was necessary  t o  s e l e c t  t hose  which were thought t o  c o n t r i b u t e  most t o  t h e  
condenser ope ra t ion ,  Af te r  t h e s e  f a c t o r s  were reviewed w i t h  WII ,  it: was 
decided t h a t  t h e  most p r a c t i c a l  approach t o  s i z i n g  wkich should provide u s e f u l  
i n f o m a t i o n  would be  based on surface area .  I n  a d d i t i o n ,  i t  would be  b e s t  
i f  the minip lan t  condenser was undersized so t h a t  its condensing capac i ty  
l i m i t  might more e a s i l y  be detemined. Accordingly, t h e  area of the  min ip lan t  
condenser i s  only about 70 percent of that which would r e s u l t  from a d i r e c t  
s i z e  reduction based on p l a n t  product ion rates. 
The nominal flow rate of llquid zinc c h l o r i d e  t o  t h e  wetted wall 
o f  the  miniplant condenser was chosen t o  b e  essentially that designed f o r  t h e  
EPSDU condenser i n  terms of quantity per u n i t  of condenser area, o r  0.2 gal- 
l ons  p e r  minute  f o r  t h e  l-inch-diameter tube. Prav i s ions  have been made t o  
vary the zinc c h l o r i d e  f low rate, t o  o b t a i n  some idea as to the minimum 
quantity needed to maintain a wetted wall, With t h i s  information, the amount 
supp l i ed  in practice can be confidentially held in excess of the minimum, so 
as t o  prevent  a dry wall condi t ion  and subsequent choking-off of the  condenser 
tube, 
A t  the end of the cu r ren t  r e p o r t  period, assembly o f  t h e  equipment 
was 95 percent  complete, and initiation o f  the experimental work early i n  
A p r i l  was an t i c ipa t ed .  A f u l l e r  d e s c r i p t i o n  of the equipment will be given 
when the experimental results a r e  reported during t h e  next q u a r t e r .  
Fluidized-Bed Modelling 
In the Thirteenth Quarterly Report (DOE/JPL 954339-79/13, February 15 
1979), it was reported that al though segregation of l a r g e  p a r t i c l e s  had been 
observed near  a flat-plate d i s t r i b u t o r  in early work, no such segregat ion  was 
observed i n  modelling experiments w i t h  the round-bottom/conic-sectlon bed 
support design of t h e  EPSDU (Figure 1 4 ,  page 53 of Phase  1/11 F i n a l  Report, 
DoE/JPL 954339-78/15, July 9, 1978). It had been hoped t h a t  such segregation 
might be  rel ied on to permit p r e f e r e n t i a l  d i scharge  of t h e  l a rge  p z r t i c l e s  
to a degree that would p r e c l u d e  growth t o  the point of blocking t h e  particle- 
withdrawal tube. 
During this r e p o r t  period, the " l a rge  p a r t i c l e "  s i z e  [amounting t o  
about  0.1 w/o of t h e  %500-~rn (average) bed] was increased from 5000 urn to 
10,000 pm. Again, no evidence o f  segregation was n o t e d ,  the mixing action 
a t  the bed support p l a t e  being t o o  intense in this des ign  t o  p e r m i t  t h e  
segregation observed wi th  the flat plate. 
A s  po in ted  out  i n  the  Th i r t een th  Quar t e r ly  Report,  p r o h i b i t i v e  growth 
of l a r g e  p a r t i c l e s  i s  a problem only  i f  p a r t  o f  t he  i n i t i a l  bed is  l e f t  i n  t h e  
r e a c t o r  f o r  extended per iods .  For example, w i th  a ( cons t an t )  average p a r t i c l e  
s i z e  of 400 pm, a 1000-urn " la rge"  p a r t i c l e  w i l l  t ake  196 hours o r  8 days t o  
grow t o  5000 urn a t  which time i c  may become of concern i n  terms of plugging 
t h e  EPSDU product  withdrawal tube (diameter = 0.79 c m  o r  7900 pm). P r e s e n t  
plans call  f o r  withdrawing and sc reen ing  t h e  bed every week when t he  wall 
depos i t  i s  c h l o r i n a t e d ,  A s  long  as t h a t  p r a c t i c e  i s  followed, t h e  growth of 
the "large" p a r t i c l e s  w i l l  n o t  be  a  problem, However, i f  it i s  p o s s i b l e  t o  
extend the  o p e r a t i n g  cyc le  beyond 1 week, " la rge"  p a r t i c l e  growth may become 
a  c o n t r o l l i n g  f a c t o r .  
Zinc Chlor ide  E l e c t r o l y s i s  
Tn a n . e f f o r t  t o  I n c r e a s e  t h e  power e f f i c i e n c y  (decrease  c e l l  vo l t age )  
i n  the  e l e c t r o l y s i s  of ZnCla ($50 m/o i n  K X ) ,  work was cont inued i n  t h e  experi- 
mental  c e l l  descr ibed  i n  t h e  T h i r t e e n t h  Q u a r t e r l y  Report. The major v a r i a b l e s  
i n v e s t i g a t e d  were the  c u r r e n t  d e n s i t y ,  s l a n t  of  t h e  e l e c t r o d e s ,  and e l ec t rode -  
to-wall c l ea rance ,  the l a t t e r  two f a c t o r s  be ing  of  p o t e n t i a l  importance i n  
t h e  r e l e a s e  o f  c h l o r i n e  gas from underneath t h e  anode. 
The d a t a  a r e  given i n  Table 1, a con t inua t ion  of Table 1, page 1 7  
of  t he  T h i r t e e n t h  q u a r t e r l y  Report .  
Two runs  (Nos. 18 and 20) were made a t  d i f f e r e n t  t imes under base- 
l i n e  cond i t i ons :  
4-degree-inclined planar 8.8-cm-diameter e l e c t r o d e s ,  
no grooves o r  h o l e s ,  S a l t  Mix IT, 1.27-cm e l e c t r o d e  
spac ing ,  0.80 amps/cm2 c u r r e n t  d e n s i t y ,  and 499-502 C 
temperature.  
The cu r ren t  e f f i c i e n c y  values averaged 95.2 - + 1.5 amps/cm2 and the  power 
* 
e f f i c i e n c y ,  3 6 . 3  - + 0.6 percent .  Decreasing the e l e c t r o d e  a r e a  by 25 percent 
i n  Run No. 21 t o  i nc rease  t h e  electrode-to-wall  c l ea rance  had t h e  e f f e c t  of  
* Two segments sliced o f f  c i r c u l a r  anode a long  p a r a l l e l  symmetrical chords 
b3.2 cm apart. 
B A Y T E L L E  - C O L U M B U S  
TABLE 1. SUFPLARY OF ZnCI2 PRODUCT ELECTROLYSIS 
EXPERIMENTS AT 500 c (a) 
-- - - - - -  -- -- -- - 
Electrode Curcent Power Currcnt Averngc 
Run Spacing, Density, Efficiency, Efficiency, Terpcrature, 
~ttunbcr (b) Electrode Conflguracion cm nmp/cm2 percent percent C 
11 12-degree-inclinedplansrelectrodcs, S a l t  Nix 1 1.27 0.79 35.6 96.5 502 
12-degrer-incllncrlplannrelectrulies, 
12 S a l t  HLx 1. 25 percent rcd~rccd area,  1.27 0.79 38.7 96.2 503 
perforated nnudr?(') 
12-degree-inclinedplanarelecErodes. 
17 Sal t  Mix 11, 25 perctlnt retluced area, 1.27 0.80 42-5 99.5 499 
perforated anode(c) 
18 4-degree planarbascLineclcctro~les ,  
no groovcs o r  I ~ o l c s ,  Salt tllx TI 1.27 0.80 36.9 96.7 502 
12-dcgre~lnc l lncd  planar electrodes,  
19 25 percent rcduced area,  no  groovcs 1-27 1-5R 30.8 100.1 512 
or Irolr?~, S a l t  Fllx 11 
20 4-degree-lnclir~cd planar basel inc 
e2cctrodes. as No. 18, Salt lIlx I1 1.27 0.80 35.7 93.7 499 
4-degree-j~~cl lned planar lrasel lnc  
71 clectrorlcs, as No. 18, S a l t  tlix II  1.27 0-79 37.9 93.6 499 
2 5  pcrccnt cctluced area 
. * : -* -==- - IYLT,e_I__I__I__I_  =T .= = . _>= .LYL=  r - f . .  C--z==x= - T=EI=wL--P-LP_I_-. f f 
(n) 2nC12 by-product of tlre mlniplarrt. S a l t  t l lx  I co~ltafned 'L.98.9 pe rcen t  Z1lCTZ, 0.1 perccnt Zn, and 1.0 pcrceni 
S i  (miniplnnt by-product i ~ n d  been l~cated above tlre melting polnt of z i r ~ c  t o  s e t t l c  out the suspended ztac),  
admlxcd 55 m/o wltfr 45 m/o RCl. 111 Sal t  Hfx I f ,  tlre Zn and Si contents  wore 1.7.8 an3 -2.2 percent,  rcsprct lvcly.  
(b) Runs Nos. 8 nnd 9 and 13 tlrrough 15 a r e  not lnclrrded because of mlnor teclmical p rob lem ulrlclr made the  data 
snspec t. 
( c )  2 - 6 - m  holes  spaced 23  mm apar t  In hexagonal array. 
increasing t h e  power e f f i c i e n c y  s l i g h t l y  ( t o  37.9 percent) in the direction 
expected for an Increase i n  the ease of chl.orine e v o l u t i u i ~  and electrolyte 
circt~lation, 
The highest power eff ic iencies  (38.7 and 42.5 percent) were obtaincd 
i n  Runs Nos, 12 and 1 7 ,  respectively, i n  which the greatest oppor tun i ty  was 
provided f o r  ch lo r ine  release (12-degree slant, perforated anode, 25 percent 
reduced in area). 
The resu1.t~ of Run No. 3.1 with 12-degree t i l t e d  planar (unperforated) 
electrodes were not above b a s e l i n e ,  However, it is believed that uncontrolled 
variables (mix inhomogeniety?) masked the real effect of the increased t i l t  
(12 degrees versus 4 degrees). The presence of such uncon t ro l l ed  variables 
is  indicated by the incidence of two current eff ic iencies  unrealistically 
high  i n  the neighborhood of 100 percent (Runs Nos, 17 and 19). 
The decreased power efficiency in Run No. 19 to 30.8 percent (compare 
Run No. 17, 42.5 percent) can be  a t t r f b u t e d  t o  doubling t h e  current density. 
On the basis  of  these results, t h e  12-degree slant (actually 11 degrees, 
i.e., maximum tolerable w i t h i n  t h e  cell)  has been adopted for t h e  PDU design. 
I n i t i a l l y ,  an unperforated anode will be used; however, the anode can eas i ly  
be  perforated for experiments related to that variable i n  the PDU. 
Zinc Vaporizer 
A s  discussed i n  p r i o r  r e p o r t s ,  the  v a p o r i z a t i o n  of zinc a t  t h e  con- 
t ro l led  h igh  r a t e  required for the EPSDU r e a c t o r  feed  cannot be carried o u t  
by conventional means, for example, by boiling under pressure, controlling 
flow by a t h r o t t l e  valve, and monitoring flow by pressure  differential across  
a sonic orifice. The h igh  b o i l i n g  point  of z inc  (908 C a t  15 psia, 1043 C 
at 50 psia) and the  c o r r o s i v e  nature of z i n c  liquid and vapor make t h i s  
approach unattractive. However, i t  has been determined t h a t  i nduc t ion  heating 
energy can be directly coupled to liquid zinc in a v a p o r i z e r  of low thermal 
capacity, so that the rate of vaporization can be c o n t r o l l e d  by the energy 
input, and the hysteresis of t h e  vaporizer w i t h  change of energy input  can 
be minimized to the point of promising good control over the vaporization 
r a t e .  The EPSDU v a p o r i z e r  des ign  based on t h i s  p r i n c i p l e  was ahom as 
Figure  23, page 92 of the F i n a l  Report.  
Two a s p e c t s  of  t h e  z i n c  vapor i ze r  des ign  have been the  s u b j e c t  of 
expanded support  work, t he  induc t ion  heat ing  c h a r a c t e r i s t i c s  of the vapor i ze r  
and the  q u a l i t y  of the vapor obtained.  E a r l f e r  work (Tenth Quar te r ly  Report,  
DOE/JPL 954339-78110, A p r i l  30, 1978) has confirmed that a vapor i ze r  of this 
design is  capable of supply ing  t h e  2 r l  pound per minute required f o r  one of 
t h e  two 25 ~ ' T l y e a r  u n i t s  of t h e  50 ~T/year EPSDU. However, t h a t  experimental  
vapor izer  was t e s t e d  w i t h  a r a t h e r  c l o s e l y  coupled c o i l  ( ~ 4 - i n c h  I D ) ,  and i t  
became of i n t e r e s t  t o  determine how far t h e  c o i l  could be backed o f f  t o  a l l o w  
space for i n s u l a t i o n .  It w a s  determined t h a t  w i th  a f i v e - t u n ,  10.75-inch- 
diameter c o i l ,  a  10-kw L e p e l  gene ra to r  (450 kHz) would not vapor ize  z inc  a t  
the requi red  r a t e ,  t h e  maximum r a t e  achieved being  (0.5 pound per  hour, ilow- 
ever ,  when the diameter  o f  t h e  five-turn c o i l  was reduced t o  8 jnches,  l eav ing  
an i n s u l a t i o n  space of 2.5 inches ,  t h e  requi red  rate was obtained even wi th  
i n s u l a t i o n  having a thermal conduc t iv i ty  of ten times t h a t  of the  i n s u l a t i o n  
(Babcock and iJilcox Min-K) planned f o r  use i n  t h e  EPSDU. Whether t h e  use  of 
Min-K as i n s u l a t i o n  f o r  t h e  10.75-inch coil would have made possible a r e a l i -  
za t ion  of t he  r equ i r ed  vapor i za t ion  r a t e  i s  unce r t a in ,  as no total power 
output  measurements were z v a i l a b l e  which might j u s t i f y  such a conclusion, 
However, if; i s  be l ieved  that with the l a r g e r  coil, t h e  coupling would have 
been so  i n e f f i c i e n t  as  t o  be  inadequate ,  an? t h a t  the  tighter coupling of t h e  
8-inch c o i l  w i l l  be required f o r  t h e  EPSDU vapor i ze r ,  
The second p a i n t  of i n t e r e s t  w i t h  regard t o  the z i n c  vapor i ze r  is  
the  degree of p u r i f i c a t i o n  obta ined  i n  t h e  one-plate d i s t i l l a t i o n  inhe ren t  
i n  t h e  vapor iza t ion .  Fo r tuna te ly ,  metals such as iron and titanium a r e  r e l a -  
t i v e l y  non-vola t i le  s o  t h a t  even with ac t iv i ty  c o e f f i c i e n t s  over  unit:, t he  
equ i l i b r ium amounts of t h e s e  elements reaching the vapor would b e  very  small. 
For example, the i r o n  con ten t  of t h e  vapor should be  only 10'~ t h a t  i n  t he  
l i q u i d  zinc. 
During the  c u r r e n t  quarter,  vaporization experiments were undertaken 
to demonstrate t h i s  p u r i f i c a t i o n ,  w i th  precaut ions  taken t o  sample  t h e  starting 
material, d i s t i l l a t e h ,  end r e s i d u e *  as liquids so as t o  avoid the e f f e c t s  
of s e g r e g a t i o n  on f r e e z i n g ,  F u r t h e r ,  a r e p o r t e d l y  b e t t e r  techniquek* was 
used f o r  a n a l y s i s  of the i r o n ,  l e a d ,  and cadmium concen t r a t ions .  D e s p i t e  
t h e s e  changes, t h e  material ba lanced  were u n s n t i s f a c t o r y  s o  as t o  cast  doubt 
on the analytical results. 
It is  b e l i e v e d  t o  b e  prudent t o  w a i t  until t h e  vaporizer of EPSDU 
design is  a v a i l a b l e  f o r  the PDU and to carry out  v a p o r i z a t i o n  experiments 
w i t h  t h a t  uni t .  Considerat ion will be given t o  refinement o f  t h e  a n a l y t i c a l  
technique previously used, wi th  the possible alternative of  going t o  a radio-  
sc t ive  t r a c e r  t echnique ,  which presumably could be made considerably more 
s e n s i t i v e  and specific. 
* About 50 percent of t h e  s t a r t i n g  material. 
** A newly acqui red  inductively coup led  plasma s p e c t r o g r a p h  was used i n  place 
of the atomic abso ra t ion  a n a l y s i s  used ear l ie r ,  
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B A T f  E L L E  - C O L U M B U S  
PLANS FOR THE NEXT REPORT PERIOD 
The fo l lowing  tasks a r e  planned f o r  the  months of  A p r i l ,  May, and 
June. 
(1) Continue the PDU a c t i v i t y  wi th  the  objective of 
having the u n i t  ready f o r  ope ra t ion  by October 1, 
1979. 
(2) I n i t i a t e  z i n c  vapor i ze r  experiments as soon as 
t h e  PDU z i n c  feed and vapor izer  equipment have 
been assembled. 
( 3 )  Continue the  experiment support e f f o r t  involving 
condenser des ign ,  z i n c  vapor i za t ion  [Item (2) 
above],  and o t h e r  items as t h e i r  need becomes 
apparent, 
( 4 )  As time permits, assemble an updated cos t  e s t i m a t e  
f o r  t h e  cons t ruc t ion  of the  EPSDU. 
